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ABSTRACT 



An arrangement for determining the rotational behavior of a 
rotating body or encoder (3) includes a sensor module (1) 
which comprises a sensor element (2; 2.1 to 2.4), a control- 
lable power source (4) supplying a load-independent current 
representative of the rotational behavior, a modulator (5) 
that controls the power source (4) as a function of signals of 
the sensor element (2; 2.1 to 2.4) and of signals supplied by 
an external signal source through an additional port (K5), 
and an evaluating circuit (9). The sensor module (1) is 
magnetically coupled to the encoder (3). The output signal 
of the sensor module (1) is a signal, representative of the 
rotational behavior, with a superimposed status signal and/or 
additional signal. 

14 Claims, 5 Drawing Sheets 
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SYSTEM FOR A DETECTING WHEEL 
ROTATION 

TECHNICAL FIELD 

The present invention relates to an arrangement for deter- 
mining the rotational behavior of a wheel or any other 
rotating body 

BACKGROUND OF THE INVENTION 

A particularly important case of application for arrange- 
ments of this type is the measurement of wheel rotational 
speeds as an input quantity for an automotive vehicle control 
system, for example, for an anti-lock system (ABS), for a 
traction slip control system (TCS), for a driving stability 
control system (DSC, ASMS), etc. Arrangements of this 
type are also appropriate to measure other rotational move- 
ments in mechanical engineering. 

Arrangements and devices to determine the rotational 
speed of a vehicle wheel are known and customary on the 
market in many types of design. The measurement systems 
which basically include a measuring data emitter configured 
as a toothed wheel or an encoder, and a pick-up for mea- 
suring data may principally be designed as passive or active 
systems or sensors. Inductive sensors, i.e., passive measur- 
ing systems, have previously been preferred for technologi- 
cal and cost reasons. Yet active sensors arc gaining in usage. 

WO 95/17680 (P 7805) describes an active rotational 
speed sensor. In this publication, the measuring device 
basically includes an encoder rotating with the wheel, a 
magnetoresistive sensor clement having a permanent mag- 
net that is used as a biassing magnet, and a signal-processing 
circuit which is incorporated in an integrated circuit. The 
output signals of the sensor are delivered to a central 
evaluating circuit. 

German patent application No. 44 34 180 (P 7748) 
discloses a circuit for evaluating the output signal of an 
active sensor. The output signal of the sensor is a binary 
current signal having a frequency which contains the infor- 
mation about the rotational movement. The active sensor is 
a controllable power source which delivers a load- 
independent current. By way of an associated evaluating 
circuit, the active sensor is connected to the vehicle battery 
and is supplied by it with electrical energy. 

In an automotive vehicle control system with rotational 
speed sensors, the output signals of the individual active 
sensors are generally conducted by way of a two-core cable 
to a central evaluating circuit which is connected to the 
vehicle battery and supplies the electrical energy for the 
operation of the active sensors by way of the two-core cable. 
Also, proposals have been made to use a single -core cable 
and to replace the second core by current supply via the 
vehicle body (P 8693). 

The general object of the present invention is to reduce the 
total expenditure entailed for the measurement and evalua- 
tion of the sensed information and, more particularly, to 
reduce the effort in wiring between the individual sensors 
and the evaluating circuit or, in other terms, to improve the 
use of the necessary wiring between the individual active 
sensors and the (central) evaluating circuit. 

It has been found that this object can be achieved by 
including a sensor module which comprises the sensor 
element, the power source and a modulator which controls 
the power source as a function of the signals of the sensor 
clement, and of external signals supplied by an external 
signal source and introduced through an additional port, and 
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which produces as an output signal of the control module a 
current signal, representative of the rotational behavior, with 
a superimposed status signal or additional signal. 
Thus, the arrangement of the present invention permits a 

5 multiple use of the wiring between the active sensor and the 
evaluating circuit. A special system concept is made use of 
to this end, wherein the sensor module which comprises a 
sensor element and a controllable power source is equipped 
with a modulator which controls the power source supplying 

10 the load- independent current in response to an additional 
external signal and impinges or superimposes an additional 
signal on the output signal of the signal, or adds a status 
signal, and delivers it to the central evaluating circuit. Thus, 
there is multiple use of the wiring. 
The evaluating circuit includes a decoder or an identifi- 

1 cation circuit which identifies and evaluates the status signal 
or additional signal. 

In a preferred aspect of the present invention, the sensor 
module further has another circuit, that is, an observer, 
which is connected to the lines interconnecting the sensor 

20 module and the evaluating circuit. The observer receives by 
way of these lines data supplied by the evaluating circuit and 
controls or monitors, in dependence on these data, the 
acceptance or processing of the data introduced by way of 
the additional port. It is possible, for example, to configure 

25 the system so that the observer polls and considers the data 
introduced by way of the additional port only at defined 
times or under defined conditions. 

In another preferred aspect of the present invention, the 
sensor element of the sensor module has several sensor units 

30 for scanning the encoder or measuring data emitter accord- 
ing to different criteria and/or for redundantly identifying 
measuring values. The last-mentioned case permits moni- 
toring the proper functions, for example. 

In still another aspect of the present invention, an external 

35 signal source is connected to the additional port of the sensor 
module and produces a signal derived from the rotational 
movement of the encoder or any other rotating measuring 
data emitter irrespective of the sensor elements. Still other 
status signals determined by sensor means may be intro- 
duced through the additional port of the sensor module and 
conducted to the evaluating circuit by way of the modulator 
and the signal lines. It may be favorable to condition or 
evaluate the status signals in the modulator prior to their 
transmission. These operations can be controlled by the 
observer. 

45 Further features, advantages and possible applications of 
the present invention can be seen in the following descrip- 
tion of further details of embodiments of the present inven- 
tion making reference to the accompanying drawings. 

5Q BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematically simplified wiring diagram view 
of the most important components of an arrangement of the 
type according to the present invention. 

FIG. 2 is a view, in the same representation, of examples 
55 for sensor elements of the arrangement of FIG. 1. 

FIG. 3 is a view, in the same representation, of examples 
for wiring the additional port of the arrangement of FIG. 1. 

FIG. 4 shows examples for the design of sensor modules 
of the type shown in FIG. 1. 
60 FIG. 5 is a diagrammatic view of some examples for the 
basic course and the modulation of the signal transmitted to 
the evaluating circuit of the arrangement of FIG. 1. 

DETAILED DESCRIPTION OF THE REFERRAL 
65 EMBODIMENTS 

According to FIG. 1, an arrangement of the present 
invention mainly includes a sensor module 1 which com- 
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prises a sensor element 2 (Sj) that is magnetically coupled is a one-bit status signal for determining the direction of 
to an encoder 3 as known in the art. The encoder 3 or rotation V/R (forward/backward) of the encoder 3 and, thus, 
measuring data emitter may be configured as a toothed disc the direction of rotation of the wheel whose rotational 
or a wheel provided with magnetic areas. The encoder behavior shall be measured. The electronics for evaluating 
rotates with the body whose rotational behavior shall be 5 the detected signals is incorporated in the associated signal- 
measured, and is magnetically coupled to the sensor element evaluating circuit SC2. 

2 so that the sensor element 2 can generate an alternating piG. 2c) shows in a symbolic view a sensor element 2.3 

electronic signal whose frequency corresponds to the rota- which, apart from the rotational speed information f, pro- 

tional speed of the encoder 3. duces a status signal LL for a so-called air slot reserve in a 

l"he present invention relates to active sensors. Therefore, io signal conditioning circuit SC3 in interaction with the 

the sensor module 1 has a controllable power source 4 which encoder 3. Active motion sensors of this type are described 

delivers a load-independent current. A change between two in German patent applications Nos. 44 34 977 Al and 44 34 

predetermined current amplitudes is sufficient to transmit the 978 Al (P 7727, P 7728). 

sensor signal. The frequency or the duration of the change in pjc. 2d) shows that the functions of the two sensors 

current amplitude contains the data about the rotational 15 elcmcnls of pi GS 2 b) and 2c) can also be combined, 

speed being measured. FIGS 3fl) tQ 3c) ilhjstrate ±c activation of different 

Further, the sensor module 1 comprises a modulator 5 (M) external signal sources by way of the additional port K5 to 

which controls the power source 4 as a function of the output me modulator 5 (M) of a sensor module 1 . In the embodi- 

signalofthe sensor element 2 (Sj) and information delivered menl 0 f pi^ 3^ tn i s j s tne most simple case, a defined 

from an external signal source by way of an additional port 20 information is introduced into the modulator 5 by grounding 

K5. Consequently, an additional signal (that may also be a or keeping open the port K5. For example, brake lining wear 

status signal) which is delivered by way of the additional indicators are known which deliver a status signal of this 

port K5 and is conditioned or evaluated, if required, is type . Further, the condition of brake fluid could be moni- 

supcrimposed on the binary current signal which represents torea * an( j indicated on a corresponding course by way of the 

the rotational speed. 25 p 0r t K5. 

Still further, the sensor module 1 in the embodiment . According to FIG. 36), an additional external wheel 

shown in FIG. 1 also includes a circuit which is termed as rotational speed sensor 10 (S2) is connected by way of port 

observer 6 and has inputs Ej, which are connected to the K5 an d scans the same encoder 3 (E) as the sensor element 

transmission or signal lines. The outputs K3, K4 of the ^ 2 assigned to sensor module 1. However, sensor 10 is placed 

sensor module 1 lead to the connecting lines 7, 8. The at a different location on the periphery of encoder 3. Such a 

observer 6 identifies predetermined signal conditions on the configuration of the measurement arrangement is favorable 

signal lines 7, 8 which connect the sensor module to an whcn mc technical conditions necessitate the use of two 

external evaluating circuit 9 (ECU). The observer 6 monitors separate rotational speed measuring elements for a bidirec- 

and controls the modulator 5 as a function of the signal ^ UoDa i rotational speed sensing. In this case, initially both 

condition on the connecting lines 7, 8. For example, the local-phase-shifted rotational speed signals are transmitted 

acceptance of the additional signals or status signals deliv- t0 lne evaiU ating device 9 (ECU) by way of the modulator 

ered by way of port K5 can be controlled as a function of 5 (m), and direction identification is performed subse- 

predetermined criteria, signal conditions or time specifica- quently. 

tions by way of the observer 6. 4Q According to pi G . 3c), a sum status signal is produced by 

The controllable power source 4 is supplied with electn- logically combining several sensor status signals ST1 to Stn 

cal energy by way of terminals Kl, K2 of the evaluating by using an external electronic circuit 11 and is sent to the 

circuit 9 in an embodiment of the present invention to which xnsor mo dule 1 by way of the terminal or port K5. An 

FIG. 1 relates. The voltage V B between the terminals Kl and arrangement of this type is appropriate, for example, to 

K2 represents the voltage of a vehicle battery, for example. 4J pro duce an alarm signal when one or more of the individual 

A decoder or an identification circuit which identifies and status signals differ from their desired condition, 

evaluates the status or additional signal introduced by way FIG. 4 shows a perspective view of the constructive 

of the additional port K5 is also comprised in the evaluating dcsign or thc cxtcr ior of a sensor module of the arrangement 

circuit 9. 0 f me present invention. According to FIG. 4a), a sensor 

Some examples 2.1 to 2.4 for sensor elements 2 (FIG. 1) 50 module is a combination of two function units 12, 13 each 

are, represented in FIGS. 2a) to 2d). A conditioning circuit accommodated in a housing. The specific sensor units 2.1 to 

SCI to SC4 is assigned to each sensor element 2.1, 2.2, 2.3 2.4 inside the module (as described in FIGS. 2a) to 2d)) 

and 2.4. These circuits SCI to SC4 may of course be which are used to scan an encoder 3 and the associated 

designed as components of the modulator (5 in FIG. 1) or signal-conditioning circuits SCI to SC4 are embedded in the 

the,sensor element (2) and, therefore, are not shown in FIG. 55 function unit 12. Modulator 5 along with controllable power 

1- source(s) 4 and the circuit referred to as observer 6 are 

In the embodiment of FIG. 2d), a sensor element 2.1 integrated in function unit 13. Again, terminals K3, K4, K5 

represents a magnetic-field-sensitive detector known in the extend from the function unit 13 to connect the evaluating 

art, for example, a magneto resistive bridge or a Hall circuit 9 (FIG. 1) and the external signal source. Function 

element, which has been shown to be appropriate, along 60 units 12 and 13 are interconnected by four individual 

with the associated permanent magnets, for an arrangement conductors which are globally designated by reference 

of the type according to the present invention. Sensor numeral 14. The conductors are so used that all configura- 

elements of this type are explained in the above-mentioned tions can be achieved which are represented in the FIG. 2 

WO 95/17680 publication, for example. embodiment. In the case according to FIG. 2d), the signal 

Asensor element 2.2 in FIG. 2b) has two detectors Dl, D2 65 preconditioning step precompresses the signals V/R and LL 
in which signals, shifted by a local phase, arc produced. to make a more complex status signal which is then trans- 
Derived from these signals, according to known principles, mittcd by way of a line to thc modulator 5 (M). 
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Lateral surfaces 15 in FIG. 4 are used to exactly align the 
illustrated sensor member in relation to the reading rack on 
an encoder 3. 

According to FIG. 4, the entire sensor module includes 
one single member which comprises all units related to 
sensors and signalling technique. The magnet-sensitive 
detectors, in turn, use the Hall effect or the magnetoresistive 
effect. 

The sensor module according to FIGS. 4a), b) is shown 
without the biassing magnet which is encoder-specific. Such 
magnets are to be attached to the member 12 (FIG. 4a). 
Expediently, the magnet is chosen so that the sensor modules 
can be used for operation with ferromagnetic encoders (for 
example, toothed wheels made of steel) and for operation 
with magnetized encoders (alternating succession of mag- 
netic north and south poles). Details relating to sensors of 
this type can be taken from the above-mentioned WO 
95/17680). 

There are status signals of different consideration. Thus, 
the direction of rotation information V/R should always be 
present, whereas the information about brake lining wear 
must be indicated only when polled. Various possibilities are 
known for the superposition of the useful signal which 
represents the rotation and the additional or status data. It is, 
however, proposed to code the additional data ratiometri- 
cally to a reference quantity. In such a ratiometrical coding, 
the ratio between the individual signal components remains 
the same when the signal amplitudes vary, for example, due 
to variations in the battery or supply voltage. The reference 
quantity can be a reference pulse duration or a reference 
current amplitude. FIGS. Sa) to Sd) show examples of coded 
signals which are transmitted from the sensor module 1, by 
way of terminals K2, K4, to the terminals Kl, K2 of the 
evaluating circuit 9 (ECU). 

The rotational speed information is contained in the 
frequency for in the distance between the rising edges of 
pulse 16 in FIG. 5. In the diagram relating to FIG. Sb), an 
additional pulse 18 is provided which, in conjunction with 
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7, 8. Thus, FIGS. 5a) to d) refer only to arbitrary embodi- 
ments to explain the principle. 
What is claimed is: 

1. System for determining the rotational behavior of a 
rotating body, comprising; 

a sensor element for sensing a rotational characteristic of 
a rotating body and converting the rotational charac- 
teristic into a first signal, 

a sensor modulator having first and second input ports 
wherein said first input port is coupled to said first 
signal, and wherein said second input port is adapted to 
receive a second input signal, 

a power source coupled to a monitor, wherein said moni- 
tor is coupled to said first and second signals and said 
monitor controls the power source as a function of at 
least one of said first and second signals, wherein said 
sensor modulator produces an output signal represen- 
tative of said first and second input signals, wherein the 
sensor element includes a plurality of sensor units for 
scanning a measuring data emitter or encoder according 
to different criteria or for redundantly identifying mea- 
suring values. 

2. System as claimed in claim 1, further including evalu- 
ating circuit coupled to said output signal wherein the 
evaluating circuit supplies the operating signal for operating 
the power source by way of signal lines. 

3. System wherein as claimed in claim 1, wherein the 
sensor element is configured as a magnetic pick-up for 
measuring data which is magnetically coupled by way of an 
air slot to a measuring data emitter or encoder rotating with 
the body whose rotational behavior shall be measured. 

4. System as claimed in claim 1, wherein the sensor 
element a plurality of sensor units for scanning the measur- 
ing data emitter or encoder according to different criteria or 
for redundantly identifying measuring values. 

5. System as claimed in claim 1, wherein the sensor 
module includes an observer which is connected to said 
signal lines interconnecting the sensor module to the evalu- 



pulse 16, characterizes the reference opposite direction of 40 ating circuit, wherein the observer receives data by way of 

the encoder rotation. In contrast thereto, a single pulse 16 or said signal lines, and contrails the monitor in response to 

the absence of the pulse (18) signals an encoder rotation in said data. 

the reference direction according to FIG. Sa). The pulse 6. System as claimed in claim 1, wherein said second 

patterns are repeated with the encoder frequency whose signal derived from the rotational movement of the rotating 

period duration is referred to by 100%. The chain of pulses 45 body irrespective of the sensor element. 



following pulse 17 and having a time weighting 1, 2, 4, 8 
within the time interval t 2 is used for coding additional status 
data in the following example. 

In the embodiments of FIGS. 5c) and d), coding takes 
place by way of the weighted current amplitude, and the V/R 
information is coded in the start amplitude of each sequence. 
When the amplitude starts with 80% of the nominal value 
(FIG. 5c), this means that the encoder 3(E) rotates in the 
reference direction. When the amplitude starts with 100% 
(FIG. Sd), this means that the encoder (e) rotates in the 
reference opposite direction. In the following periods of t2, 
the weighting 1, 2, 4, 8 is contained in the current amplitudes 
20%, 40%, 60%, 80% and can also be expected in the 
corresponding %-moments of tl. 

Basically, a status signal or any other information can be 
superimposed in many different ways on the actual rota- 
tional speed signal which is represented by load-independent 
currents of changing amplitudes. The additional signal or 
status signal can principally be transmitted by digital 
coding — similar to FIG. Sa) and FIG. Sb) — , by superposi- 
tion of a relatively high- frequent signal, by frequency or 
pulse-width modulation, etc., by way of the connecting lines 
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7. System as claimed in claim 1, wherein said second 
signal is generated by a status sensor. 

8. System as claimed in claim 7, wherein said second 
signal is conditioned or evaluated by the modulator. 

9. System as claimed in claim 7, wherein the transmitting, 
conditioning and/or evaluating operations of the modulator 
arc controlled by the observer by way of control signals 
passed along said signal lines. 

10. System for determining the rotational behavior of a 
rotating body, comprising; 

a sensor element for sensing a rotational characteristic of 
a rotating body and converting the rotational charac- 
teristic into a first signal, 

a sensor modulator having first and second input ports 
wherein said first input port is coupled to said first 
signal, and wherein said second input port is adapted to 
receive a second input signal, 

a power source coupled to a monitor, wherein said moni- 
tor is coupled to said first and second signals and said 
monitor controls the power source as a function of at 
least one of said first and second signals, wherein said 
sensor modulator produces an output signal rcprcscn- 
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tative of said first and second input signals, wherein the 
sensor module includes an observer which is connected 
to said signal lines interconnecting the sensor module 
to an evaluating circuit, wherein the observer receives 
data by way of said signal lines, and contrails the 5 
monitor in response to said data. 

11. System for determining the rotational behavior of a 
rotating body, comprising; 

a sensor element for sensing a rotational characteristic of 
a rotating body and converting the rotational charac- 10 
teristic into a first signal, 

a sensor modulator having first and second input ports 
wherein said first input port is coupled to said first 
signal, and wherein said second input port is adapted to 
receive a second input signal, 15 

a power source coupled to a monitor, wherein said moni- 
tor is coupled to said first and second signals and said 
monitor controls the power source as a function of at 
least one of said first and second signals, wherein said 2Q 
sensor modulator produces an output signal represen- 
tative of said first and second input signals, wherein 
said second signal is derived from the rotational move- 
ment of the rotating body irrespective of the sensor 
element. 
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12. System for determining the rotational behavior of a 
rotating body, comprising; 

a sensor clement for sensing a rotational characteristic of 
a rotating body and converting the rotational charac- 
teristic into a first signal, 

a sensor modulator having first and second input ports 
wherein said first input port is coupled to said first 
signal, and wherein said second input port is adapted to 
receive a second input signal, 

a power source coupled to a monitor, wherein said moni- 
tor is coupled to said first and second signals and said 
monitor controls the power source as a function of at 
least one of said first and second signals, wherein said 
sensor modulator produces an output signal represen- 
tative of said first and second input signals, wherein 
said second signal is generated by a status sensor. 

13. System as claimed in claim 12, wherein said second 
signal is conditioned or evaluated by the modulator. 

14. System as claimed in claim 12, wherein the 
transmitting, conditioning and/or evaluating operations of 
the modulator are controlled by an observer. 

***** 
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